Experimental results further verified the universal motion of robots.
INTRODUCTION
In robot family, quadruped robots have become the study focus at home and abroad for its strong environmental adaptability and motion flexibility [1, 2, 3] . Most quadruped robots adopt bionics design, for example, Big Dog by Boston Propulsion Laboratory in the United States, which was designed according to the dog structure [4, 5] . However, in terms of the current development of quadruped robots and considering the simplification of control and structure in bionics design, domestic robot designers tend to simplify joints, which leads to unstable and inflexible motion of quadruped robots. Designers hope to design quadruped robots which can be simply controlled and stably and flexibly move with less degree of freedom [6, 7] .
Based on bionic octopus structure, this paper designed a universal mobile quadruped robot and made motion analysis on it, aiming at making improvements in the above problems of quadruped robots.
II. STRUCTURE DESIGH OF UNIVERSAL MOBILE QUADRUPED ROBOT
Among land quadrupeds, most of them move in longitudinal direction while very few move in transverse direction. Among sea animals, octopus can move in multiple directions, shown as The study on its structure found that it was due to the special placing of its joints. This study optimized its structure, changing 8 feet into 4 feet, shown as Figure 2 . There are 16 degrees of freedom in total to inherit the placing of transverse and longitudinal joints of the octopus structure. The design of transverse and longitudinal joints realizes the universal motion of robots.
III.
KINEMATICS EQUATION OF UNIVERSAL MOBILE QUADRUPED ROBOTS
To realize the universal motion of quadruped robots and better understand its kinematic performance, this paper made study on its kinematics.
a. Single leg modeling of robots and the determination of coordinate system Four legs of universal mobile quadruped robot are the same. Thus, this paper studied one of them.
Denavit-Hartenberg was utilized to establish the coordinate system and after the analysis and simplification [8, 9, 10, 11] , the structure of a single leg is shown as Figure 5 . Firstly the reference coordinate system is defined, namely, coordinate system {0}, which is fixed on the base, which is the main body of robot, namely, mounting plate (shown as Figure 4 ).  . The coordinate system of each connecting rod is set at the joint.
Y-axial of coordinate system {0} is perpendicular to the paper while Z-axial of other coordinate systems is perpendicular to the paper. X-axial is the extension cord of each connecting rod. For simplification, the coordinate origin of each connecting rod is in the same plane. Thus,
The parameters of A matrix (Denavit-Hartenberg Matrix) are shown as Table 1 . 
Then, according to Table 1 and Formula 1, the homogeneous transformation matrix can be expressed as, The attitude matrix of the reference coordinate system of the end connecting rod, 4 T is shown as Formula (8). 
IV.
SOLVING OF INVERSE KINEMATICS OF UNIVERSAL MOBILE QUADRUPED

ROBOT
The position matrix of robot end effector T, and key parameters are known, so joint variables can be solved, which provides preparations for the gait analysis of robots [12, 13, 14, 15] .
The position matrix of end effector is shown as Formula (9). 
Joint angle is solved by the method of separating variables, shown as Formula (10). The same is as below.
b. Solving of 3  Take row 3 and line 4 and row 4 and line 4. Then,
 is known and take the squares of both sides of the equation. We can get, 
Its constraint condition is that the right side falls between -1 and 1.  is known and after expansion, we can get, [16, 17, 18, 19] .
Vertical pendulum completes the robot's walking. It is divided into the swing phase and support phase of vertical pendulum. Its movement changes in a cycle are shown in Table 2 , in which Xline is the vertical step length. Take the left front foot as an example. In a cycle, when the left front foot swings vertically, the foot tip moves for 1/2Xline and the support phase of the right front leg also moves for 1/2Xline. Thus, its absolute movement is a step length.
Hip joint is used to measure the movement of the body. When the left front and right back legs swings vertically, the right front and left back legs support phase makes the hip joint move 1/2Xline. When being the support phase in another half of the cycle, it also moves 1/2XLine. In this way, the body moves for a step length absolutely. The hip joint on the left front and right back legs moves 1/4XLine
The hip joint on the right front and left back legs moves for 1/4XLine
Swing Phase
The foot tip of the right front and left back legs moves for 1/4XLine
The foot tip of the left front and right back legs moves for 1/4XLine
The foot tip of the left front and right back legs moves for 1/4XLine a.I Joint angle calculation of the swing phase of vertical pendulum
The analysis of the joint angle of the swing phase of vertical pendulum is shown in Figure 6 . In the figure, H is the height from the axis of the hip joint to the ground and it is assumed to be constant in the walking cycle. In a cycle, the swing phase of each leg accounts for the half of the 
Thus, 3 θ and 4 θ are shown in Formula (28).  is shown in Figure 9 .  is the sinusoidal curve in the first half of cycle with the angle changing from 51.05° to 66.53°. The change in the second half of cycle is nearly a sinusoidal curve with the angle gently changing from 59.38° to 66.53°.
c. Experimental verification
Motor and motor control panel are loaded and exterior decoration is made. According to the above algorithm and angle, solutions are got. After the procedure of angle gait is designed, the following universal mobile walking experiments can completed [20, 21, 22, 23] .
Shown as Figure 10 , robot can move back and forth in longitudinal direction. 
VI. CONCLUSIONS
This paper designed a quadruped robot according to bionic octopus structure and its legs were reasonably distributed in the engine body, enlarging the gravity domain of 4-feet robot, which increased the stability. At the same time, through experiment, it was verified that the robot can move in random direction without turning the engine body, which greatly enhanced its feasibility.
The future study will focus on its kinetics analysis and intelligent control of sensors. This paper also can be reference to the studies of other kinds of robots.
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